INTRODUCTION

L
INE outages due to lightning is a common issue and has contributed to the highest cause of system trip-outs especially in tropical countries. Being very near to the equator, Malaysia experienced a high number of lightning activities throughout the year, specifically during the monsoon season. Tenaga Nasional Berhad (TNB) as the only utility operating the national grid system have to deal with this issue every year to reduce the number of flashovers or line trip-outs, thus increasing the line performance.
The l32kY Kuala Krai (KKRI) to Gua Musang (GMSG) line is currently the longest overhead transmission line located at the east coast of peninsular Malaysia. Since the year 2001 until March 2015, the line has recorded an enormous number of 82 trip-outs due to multiple reasons [1] .
Transmission Line Arresters (TLA) were installed at several towers alongside with grounding improvement work to reduce Tower Footing Resistance (TFR), however there were still trip-outs occurred on the line. This draws serious attention Typical tower geometry for the structure is shown in Chart in Fig. 3 below shows that in about 13 years, the line has experienced 82 numbers of line trip-outs where 65 (79%) were caused by adverse weather, 12 trip-outs (15%) were caused by adverse environment and the remaining trip-outs (6%) were caused by foreign interference, human factor and unknown reason.
• Adverse Weather As expected, very low GFD observed in 2010 has resulted in no line flashover due to lightning on the line that year. The recent 2014 trip-outs were analyzed to study the sudden increase in the number of flashovers in this year. It is also very important to note that series of TLAs were installed on at least 24 towers up to August 2014 and it was expected that the line will experience less trip-outs after the TLA installation.
List of trip-outs in 2014 are as per Table 2 : From Table 2 above, it is noted that there are two double circuit (DCCT) trips and four single circuit (SCCT) trip-outs. 
IV. FLASHOVER ANALYSIS
A. gh June 2014 event It is very clear during this event that at least 76 strokes were recorded with peak current value ranges from -6kA to84kA. All the strokes occur close to the transmission line which became clear evidence that the cause of trip-out was due to lightning.
Flashover occurred on the middle phase of Line 2. Waveforms captured by relays were then investigated and it was concluded that the flashover was related to transient activity which is lightning [2] as shown in Fig. 8 below: 
D. 26th October 2014 event
Three-phase faults on both circuits were detected causing both Line 1 and Line 2 to trip during this event. LDS during this time was unable to provide any event map due to LDS hardware issues and it was under maintenance from 1 ih October 2014 until 3r d November 2014. Investigation was again focused on analyzing the waveform from relay fault recorders.
Waveforms captured by relays again suggested that the flashover was related to transient activity [2] as shown in Fig.  9 below: The cause of outage was concluded as lightning after the wavefonn analysis was done on the waveshape [2] . A 3-phase flashover on both line is considered very rare but it was reported to occur on a 500kV line in Brazil [3] .
No other evidence was found through-out patrolling which can relate to the line flashover. It was however reported by the eye-witness that there was a heavy lightning activity occur during that period.
£. gh November 2014 event
It is very interesting to see that there was only 3 strokes observed nearby the line during the event with peak values of36kA, -47kA & -129kA. These strokes were concluded to be the cause of line flashover. As mentioned earlier in this paper, series of TLA installations were conducted where at least 24 towers were installed with TLA. An investigation was conducted to confirm the effectiveness of TLA installation on the line.
From the inspection, it was found that installation of TLA on towers with wooden crossann was not completed by installing the earth bar or earthing link connection from the base of TLA to the tower body. The external gap distances on TLAs were found within specification.
VI. DISCUSSIONS
In this paper it was shown that lightning is the main cause of line flashovers i.e. 79% for 132kV KKRI-GMSG line. Fig.  4 shows that the number of line flashover varies each year, affected by the GFD value which conforms to the IEEE formula mentioned in ClGRE Green Book [4] where the number of lightning strokes that hit the line is calculated with variables inclusive of GFD (or Ng), tower height (h) and ground wire separation distance (m).
Besides improving Tower Footing Resistance (TFR) on affected towers, TLAs were installed in reducing the number of flashovers on the line. In getting the most of this TLA function; installation must be completed without missing any connections i.e the earth connection to tower body.
Proper installation of TLA at the right location will improve line perfonnance.
VII. CONCLUSIONS
Lightning is the major cause of line flashovers in Malaysia. Number of trip-out varies each year, affected by the yearly Ground Flash Density (GFD) value. Installation of TLA on the line will improved line performance, as long as the installation method were followed i.e earth jumper connection to tower body; and the external gap distance of the TLA.
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